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Factors affecting urine EIA sensitivity in the
detection of Chlamydia trachomatis in men

H Talbot, B Romanowski

Abstract
Objective-This study examined the
effects of four variables on the detection
of Chlamydia trachomatis in urine from
men by enzyme unoassay (EIA).
These variables were: symptoms and
signs of urethritis, urine polymorphonu-
clear leucocytes (PMN), inclusion counts
from urethral chlamydia cell cultures
and the time between testing and last
voiding.
Methods-Included were patients with
and without symptoms andfor signs of
urethritis attending the Edmonton
Sexually Transmitted Disease Clinic.
Men were asked to submit a 20 ml volume
urine sample. Urethral swabs were col-
lected for gram stain, chlamydia and
gonorrhea culture.
Results-A total of 318 men were evalu-
ated of whom 47 had chlamydia.
Excluding six men who were coinfected
with gonorrhoea, sensitivities and speci-
ficities of the Microtrak, Chlamydiazyme
and IDEIA systems were 78.1% and
99-6%, 75.6% and 100%, and 80.5% and
97-8% respectively. Last void time did not
affect the sensitivity. However, sensitivity
was best when applied to men with severe
evidence of urethritis.
Conclusion-There is evidence that urine
EIA could be used to detect chlamydia in
men with acute urethritis but not in those
without signs of urethritis.

(Genitourin Med 1994;70:101-104)

counts from urethral cell cultures, and time
between testing and last urination (last void
time). Three EIA systems were evaluated-
Microtrak®9) (Syva Company, Palo Alto, CA),
Chlamydiazyme® (Abbott Laboratories,
North Chicago, Ill) and IDEIA® (bioMerieux
API Laboratory Products Limited, Plainview,
NY). Chlamydiazyme Blocking Reagent
(Abbott) was evaluated as a confirmatory test.
The direct immunofluorescence assay (DFA)
(Syva) was used in cases of discrepant results
between cell culture and urine EIA.

Methods
Clinical methods
The study population included 318 men visit-
ing the Sexually Transmitted Disease (STD)
Clinic in Edmonton in 1991.

Included were patients with and without
symptoms and/or signs of urethritis. Men sub-
mitted a first voided 20 ml urine sample.
Three urethral swabs were collected in the fol-
lowing order: smear for Gram stain, swab for
chlamydia culture and swab for gonorrhoea
culture. The order of urine and swab collec-
tion was randomised. Data on symptoms as
well as signs of urethral discharge (either
spontaneous or easily milked) were recorded.
The last void time for each patient was
recorded as less than one hour, between one
and two hours, between two and three hours
or greater than three hours. Exclusion criteria
were antibiotic use in the previous four weeks
and treatment for non-gonococcal urethritis
or gonorrhea in the past three months.
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Introduction
Recently published studies evaluating urine as
a noninvasive test sample for enzyme
immunoassay (EIA) for C trachomatis in
males indicate that it may not be suitable in all
situations.'-'0 Jawad et al reported decreased
sensitivity of urine ETA in asymptomatic men
using the IDEIA method.' Similarly, Hay et al
found that IDEIA did not detect organisms
when elementary body (EB) counts were low
in either the urine or urethra.2 Schwebke et al
found low inclusion counts in cell culture was
a strong predictor of false negative EIA
results.' There also may be more chlamydia in
an early morning sample than at any other
time of day.4 Therefore, we evaluated urine
EIA sensitivity by four specific variables to
explore these points: symptoms and signs of
urethritis, numbers of polymorphonuclear
leucocytes (PMN) in the urine, inclusion

Laboratory methods
C trachomatis was cultured in cycloheximide
treated McCoy cells grown on 12 mm circular
coverslips in one dram shell vials. Fluorescein
conjugated monoclonal antibody stain (Syva)
was used to identify chlamydial inclusions.

Urines were refrigerated upon collection
and processed the same day in the following
manner. The urine was vortexed for five sec-
onds and divided into five portions. Three
portions were used to perform EIA by the
Microtrak, Chlamydiazyme and IDEIA meth-
ods. The fourth portion was cultured for
chlamdia and the fifth used for a PMN count.
The four portions for EIA and chlamydia cul-
ture were centrifuged at 2000 g x 25 minutes
in conical polysterene tubes. The supernatant
was immediately decanted. Any urine remain-
ing was removed using a pasteur pipette.
Pellets for all EIA were then frozen at -20C
and tested within four days. The pellet for
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Table 1 Comparison ofEIAs for detection ofchlamydia in urine specimens

No ofsamples * Per centt

TP IN FP FN Sensitivity Specificity PPV NPV

MicrotrakEIA 32 270 1 9 78-1 99-6 97.0 96-8
Chlamydiazyme 31 271 0 10 75-6 100 0 100.0 96-4
IDEIA 33 265 6 8 80-5 97-8 84-9 97-1

TP, true positive; TN, true negative; FP, false positive; FN, false negative
tPPV, positive predictive value; NPV, negative predictive value.

chlamydia culture was immediately resus-

pended in 0.5 ml chlamydia 2SP transport
media. Urine and urethral swabs were inocu-
lated on the same day of collection to McCoy
cells.
To prepare the urine for a PMN count,

one-fifth of the original sample was cen-
trifuged at 500 g x 15 min. The supernatant
was then decanted except for approximately 1
ml of urine which was used to resuspend the
sediment. A wet mount was prepared with
one drop of urine from a pasteur pipette and
examined at 400 x magnification. The slide
was scanned and five fields, that appeared to
have maximum PMN, were selected. Since
fields with maximum PMN were always
selected this provided a consistent measure of
PMN for all patients. The number ofPMN in
each field was counted to a maximum of 50.
The average number ofPMN in the five fields
was recorded. This provided an approximate
quantization ofPMN in the urine.
The usefulness of Chlamydiazyme

Blocking Reagent as a confirmatory test was
also assessed. For the blocking test, the same
urine pellet that had been suspended in
Chlamydiazyme EIA specimen buffer and
tested was refrozen at - 70°C until it was
blocked and retested. According to manufac-
turer's instructions, a specimen was con-
firmed positive if absorbance fell at least 50%
after addition of blocking reagent. However, if
the net absorbance of a previously positive
sample was less than 0. 100 in the
Chlamydiazyme repeat, the result was incon-
clusive.

In assessing EIA sensitivities, the "gold
standard" was a positive cell culture or, in
cases of discrepancies, urine DFA positive.
For DFA the EIA specimen remnant was
spun at 2000 g x 15 minutes, the supernatant
decanted and the pellet resuspended in the
liquid remaining. Ten to 20 ul of the resus-

pended pellet was dried on a slide, fixed in
methanol and stained. The positive DFA cut-
off was one EB. A Chlamydiazyme sample
that had an inconclusive blocking result was
still considered Chlamydiazyme positive if the
patient had a positive cell culture result or had
EBs in the urine.

Values of P were calculated by Fisher's
exact test (2 tail) and by logistic regression.

Results
Overall the prevalence of C trachomatis in
males was 14-8% (47/318). Fourteen men
had gonorrhoea of whom six were coinfected
with chlamydia. Excluding the men with gon-

orrhoea, the prevalence of C trachomatis in
those with signs of urethral discharge (either a
spontaneous or easily milked discharge), was
26.1% (29/111). In men with symptoms (of
discharge and/or dysuria) but no signs of
urethral discharge the prevalence was 9.4%
(7.74). In men with no symptoms or signs the
prevalence was 4-2% (5/119). Since the order
of swab and urine collection was randomised,
we were unable to define nongonococcal ure-
thritis by PMN count on urethral smear
because PMN was washed out of the urethra
when urine was collected before swabs.

Laboratory results
Except where indicated, the 14 men with gon-
orrhoea are excluded in the results. The aver-
age volume of urine collected for chlamydia
positive samples was 24 ml urine (range
15-47 ml). The number of inclusions did not
correlate with volume of urine submitted.
The blocking test was carried out on 31

true positive samples. Twenty-seven blocked
satisfactorily and four had inconclusive
results, that is, had absorbances of less than
0 100 in a previously positive sample.

Test sensitivities
Table 1 shows a comparison of the three EIA
systems. The three tests were not significantly
different. Urine cell culture had a sensitivity
of 53.6% (22/41) and urethral cell culture had
a sensitivity of 95.1% (39/41). The urine

Table 2 Predictors ofChlamydia urine EIA sensitivity in
males

ELA
Sensitivity P*
(n/N)

Signst

Polymorphonuclear Leucocytest

Inclusions§

SymptomsH

Present 93-1% 0-02
(27/29)

Absent 58-3%
(7/12)

> 4 96-0% 0-006
(25/26)

< 4 60-0%
(9/15)

, 48 96-2% 0-006
(25/26)

< 48 60-0%
(9/15)

Present 87-5% 0-165
(28/32)

Absent 66-7%
(6/9)

* Fisher's exact test (2 tail)
t Signs of urethral discharge, spontaneous or easily milked
t Average number of urine PMN in five fields in one-fifth of
the sample
§ Inclusions in urethral chlamydia cell culture
11 Symptoms of urethral discharge and/or dysuria.
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Table 3 Comparison of three EUAsfor chlamydia detection in urine by void time and inclusions

Void Times* (h)
< 1 Between 1-2 Between 2-3 > 3

Inclusionst
(range)

48 > 48 48 > 48 48 > 48 48 > 48
(14-2035) (0-3920) (0-1047) (1-1295)

Assay No. ofspecimens*

TP FN TP FN TP FN TP FN TP FN TP FN TP FN TP FN
Microtrak EIA 0 3 6 1 3 3 9 0 4 3 5 1 1 2 5 1
Chlamydiazyme 1 2 7 0 2 4 9 0 4 3 5 1 1 2 4 2
IDEIA 2 1 7 0 2 4 9 0 4 3 5 1 1 2 6 0

* Number of hours since last voiding
t Number of inclusions in urethral cell culture
* TP, true positive; FN, false negative.

DFA confirmed two chlamydia urine EIA
positives that were not positive by urethral cell
culture.

For the six men with chlamydia and
gonorrhoea co-infections, the Microtrak,
Chlamydiazyme and IDEIA systems detected
chlamydia in one, two and three cases respec-
tively. Urethral cell culture detected chlamy-
dia in all six men.

Variables and sensitivity
To assess EIA sensitivity by symptoms and
signs, PMN, inclusions, and last void time the
results of the three EIA systems were com-
bined. A true positive by any of the three
methods was recorded as EIA positive for that
sample. Each variable was analysed indepen-
dently (table 2). Signs of urethral discharge
rv1a,d to detection of chlamydia by both ure-
thral cell culture and urine EIA MM'le absence
of signs related to detection of chlamydia by
cell culture only (p = 0.02). Urine PMN
counts of > 4 related to detection of chlamy-
dia by both methods while < 4 related to

n=5 n=8 n = 13 n = 15

Score

Figure Relationship between symptoms and signs and urino Chlamydia EIA sensitivity
in males (*p = 0.009 calculated by logistic regression score calculated by allotting one
pointfor: symptoms of urethral discharge, symptoms ofdysuria, signs of urethral
discharge).

detection of chlamydia by cell culture only (p =
0 006). Inclusion counts in urethral cell cul-
ture of > 48 related to detection of chlamydia
by both methods while < 48 related to detec-
tion of chlamydia by cell culture only (p =
0.004). The numbers of urethral inclusions in
cell culture were low in men who had co-
infections with gonorrhea with four of the six
having < 48 inclusions. No distinction was
observed between men with and without
symptoms (note that symptoms and signs
were separated in this study) of urethral dis-
charge or dysuria as far as a relationship with
EIA sensitivity.

Further analysis was carried out by allotting
one point for each of the following: symptoms
of urethral discharge, symptoms of dysuria
and signs of urethral discharge. Each patient's
score was totalled. The figure shows the per
cent of positives that EIA detected for scores
of 0,1,2 and 3. Detection for each score was
40 0%, 75.0%, 84.6%, and 100.0% respec-
tively (p = 0.009).

Inclusion counts in urethral cell culture
also related positively with PMN counts in the
urine. For inclusion counts < 42 (n = 15),
the average PMN count was 2.67 in compari-
son to inclusion counts > 42 (n = 26) where
the average PMN count was 15.66.

Table 3 shows that each void time category
had a wide range of inclusions and compara-
ble numbers of undetected chlamydia were
found in all void time categories for men with
s< 48 inclusions.

Discussion
Several studies have been done to evaluate
urine EIA to test for chlamydia in males. In
high prevalence populations published sensi-
tivities for Chlamydiazyme are 86.8%, 84-2%,
77.8% and 77.0%4-7 and sensitivities for
IDEIA are 81.6% and 100-0%.5 6. Except for
the last mentioned study, we consider the sen-
sitivities to be unsatisfactory.

It was not specified in the above studies if
the patients with false negative urine EIA had
urethritis. Other studies have provided further
information in this regard. Hay et al, tested
only men with acute urethritis and found
IDEIA had a sensitivity of 85%.2 When
IDEIA did not detect chlamydia it was in
samples with less than 10 elementary bodies
in the urine or urethra. Jawad et al found the
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sensitivity of IDEIA was 79.7% in men with
urethritis. The sensitivity dropped to 59% in
those without clinical urethritis.' Jensen com-
pared urine with urethral swabs in a largely
asymptomatic population and found sensitivi-
ties of 82.1% and 62-1% for Microtrak EIA
and Chlamydiazyme respectively.10 Schwebke
et al had a study population in which 54% had
urethritis and found a sensitivity for
Chlamydiazyme of only 42% compared with
urethral cell culture.3 In contrast, Leonardi et al
found sensitivities of 79-1%, 91.7% and
95-8% for Chlamydiazyme, IDEIA and
Microtrak EIA in an asymptomatic popula-
tion."
We analysed our data further by correlating

EIA results with symptoms and signs of ure-
thral discharge. There was a stepwise increase
in sensitivity as the patient had increasingly
more evidence of urethritis. Further analysis
demonstrated that if the patient had signs of
urethral discharge or > 4 PMN in the urine
sample, the urine EIA was a reliable alterna-
tive to culture of urethral swabs.

Inclusion counts from cell culture related
positively with EIA sensitivity and with urine
PMN. Urine EIA sensitivity was high when
the number of inclusions was 48 or greater in
urethral cell culture. As in our study,
Schwebke et al suggested a strong link
between low inclusion counts and poor urine
EIA sensitivity.3

Urine EIA had poor performance when
used for men who were coinfected with gon-
orrhoea. These men also had low numbers of
inclusions in urethral cell cultures. It is
unclear how these factors related.
The sensitivities of the urine EIA tests need

to be improved in men without acute urethri-
tis. We feel sensitivities should approach 90%
before urine can routinely replace urethral
swabs. If equally high sensitivities cannot be
reached in asymptomatic populations, there
will be false assurance of a chlamydia free
population. The presence of PMN in urine
was an indicator of sensitivity in this study.
The use of PMN in urine as a screening test
has been explored by others with variable
results.'2-'5 Although our numbers were small,
longer void times did not improve sensitivity
in cases of low inclusions. A study by Thomas

et al also suggested that an early morning
urine sample was equally sensitive to a first
passed sample at any other time.'6

In conclusion there is evidence that urine
EIA could be used to detect chlamydia in men
with acute urethritis but not in those without
signs of urethritis.
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